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(54) MAGNETIC HEAD HAVING SPIN BULB MAGNETO-RESISTANCE ELEMENT AND ITS 
MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the change in a pinned 
direction caused by jumping electric charges into an MR element 
and to stabilize a head characteristic by forming a magnetization 
reversal protecting circuit between a pair of lead conductors of a 
spin bulb magneto-resistance MR element. 

SOLUTION: A magnetization reversal protecting circuit 40, which 
consists of Schottky diodes 40a and 40b that are bidirectionally 
connected, is connected between a pair of lead wipes 39 of an MR 
element 32. The conductive operating point of the circuit 40 is set 
to the energy value which is less than approximately 1.0 nJ. When 
the energy, in which the pinned direction reversal of the element 
32 occurs, is applied, it becomes conductive. Thus, the change in 
the pinned direction of the MR element is surely prevented even 
though electric charges jump into the head terminal side after 
forming the circuit 40 and during the manufacturing process of the 
magnetic head or during the assembling process of the head into a 
hard disk drive HDD or while using the head. Note that the circuit 
40 is not activated by the energy under which the element 32 is 
normally used. 
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V^^jmz. 0 n J J!UT©x^jmi<lK:S:3£$nri,>i 
SSMbSIS^^BS* -5 C i -C* .5 C i ^mSitir 

mtsm^mm^^mmt -s c i -c* s c i i -r 

[f»*S8] lqiaJS{fcSlK«S@IS©^i^*5. 40 
2 . 5 5 n J ©X *;m=*filtca3e 3 nri* 

i^.4tmo. 6 8n J©x:^J^^i■fii^cts3esi^,■rl»5^a 
m^mi {csis©75-ft. 

(iS*sio] BiriEia{fcsite«aiiiK©si^*i. 
^sw^^e 9 ©t^rnsft^ 1 JitciBig©:^. so 
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^>;-Fi»ftSJfiHK:^»ef)«:SiK3*i-c*jo«trs;=^ 

fiS^-^y F. 

[it*s 1 2 ] f?iam{fcSK«^@8S*J. siffistif^ss 

*«*5j3. 0 n J fclT©x^^t/=reK:g:5£3ti-Ct,»*Sa^t 
]RSfiSS@^-C4)SCi«:^i-r-SiS*^l ItcatS 
©fiS^-^f F. 

tf»^ 1 3 ] mmmitmm^mMmK mm&i^^, 

Hmz. 5 5n J©x*^l/^fiiK:a3E3nTI,»'5iaftR 
K«^8S-C*SCi?:!^i-r5it^l ZKgaiS© 
fiBE^-^f Fo 

*mo. 6 8n J©x4^^U=l=-fil«:i9:^3n-C<<>-2>fiBS{bJS: 
C t ^^mt -Tilt*!! 1 2 fCiBtR© 

^S^^'j F. 

[ft^ 1 5 ] B5ria®<bSito«iag8S**. ^nvv^ 

4 ©t»-rn35P 1 ]««:teis©?5asi'^ f. 

«±«:?gsSL> igj^(!£L/£:ffiS:©;^tf>7'<^vr'^gtn: 
^^^{c-eti^n^3n€>ffiKji*©y - Ym^t^'^ifi 

ijtc©^«:. May-F^»*fitjiB^@ssi©m^ 

e!jSi^% €> WK'T •& C i*!^ i -r S X t ^v^^Pr^Ta^ 
[^i«©f*fiBJ&SiW] 

[0 00 1 ] 

mu/cis«ffita (MR) m^^m^tcmsL^v frcj^* 

[0 00 2] 

(«£3fc©^] ifi¥, >'^-F7'^;^15'^ (HDD) © 
3*ar*i0. C©J:5J5cS^«:§iS*>©il/-C, g?*; 

(#^8 - 2 1 1 6 6^^. !^M¥B - 2 3 6 5 2 

m<!>m , xb->>'<;i':/«. 2o©5feiifi®iia«:^ 
-e©-:^f©^i?a1^MJl{cs^?al4Si^^:aJit- ^» c 

i«:«t -3 r-?-©^®t?^D ^^jJSjfe/^-Y rxSBEl?* c©- 
*©3SMttSM© (b>x>i^3tiSM. *?9|iffl»rtt 
f> F (p i nn e d) MififT-S) fCEnttl^S J: 5{C 



C3) 

3 

^m'&^tsc n6 2 oc^>®sattf|E]^®^De^b©l^a#3&l 

(0 00 3] xt>/-?jl/:/MR^T<Da;tj^^tt, 
[0 00 4] 

KJgOfc'v.5» KOHDD'^<Dr-fe>:/y >*'X^4»{C*J 

vi^x^y ['<om^ifi^ito9mmn>kiEmicw^ 20 

[0 00 5] f>K:&ifii*5^^fcuru*5i. f>K@ 

rK. ji;^©MRigT(co(,iT. »mS5t« <esd) tffi 
>/^•J^7•MR^^<Dt•> K:&ioj©g!{b:fci»±-r-s/c«&© 
[0 006] ae-:>r*^?g». «e3^jfi©±^i/?fcwgi 
R^^<Dif > K:&ifii©^{b«:E5±-cif a«ji*w-rsisa 

[0 00 7] 

itcj^fiSl/. J^fiS;^/cltlK©xb>/<;^7'MR^^!^{c^ 
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^SI|5|!fS*#;;^e>/>*;l/7'MRS^©>; - K^«^ra 

[0008] WM.^ V K?r$?jgTSRRK, X f>^<;l/:/ 
MR^^-© 1 M©"; - K*»ra«:mMW«:^iK3n*>o 
>/^;l.7'MRi^i^©f > K*rS)SK3***D-5 J-^^l' 

y.>i>o>x. ;^t•>/^;^7^vIR^^^@ftK-e©J:^)ia:fi# 

> K:&[6l*i^{bt-€» J: 5ft:T^^©i«***^(cE6±^ 

[0009] *»?g{C<tntf. >^ t■>^^*J^7•MR 

::^fcr>^f;l'7'MR^^-«:^^3n-5. m©y- 

(cjco. ;^tr>^t^U7'MR^^-a^«:-e©j:5J5:fi?^3!i« 

J: 0 SJIfeRCf 1 * e c ^?tf?{c J: -o r b- > 
F7SriSl*s^{b-r 54: 5 «c:^^©«^^:*«SK:B5±-rS 

[0010] afbS««S@K©*jMS!jf¥j^«. 4^3 . 
0 n J«T©3^4-JU4^fi{Ci83£$nr l>4 C is&ijff * 0 
<. J:0j!f*U<»i^2. 55nJX«it«J0. 68nJ 

h K-C* 5 C <!: few ^ Lt^. 

[00 11] S^tc. 3|s:^5g(cJ;*aW, «SSt©;^ b'^-r^ 
^l-T-MR^^^iSfiiKJ^fiSL. mLfc1®iai©;^b'> 

-»^v^7^vIRSR^^«:■€■^^■€'nfisgl3niSlS*f©y - k» 

ftiS**«SXb->^>-Jl'7'MR^i=<D'J- K^^3>fW=& 
«^W{C5S*&^ S)@*&@8S i * 3 6 «:S«±K}g« b . 
^feiitcj^RSS nfc^S6[© b >.'<<»P •:nAK^^^mw 

K^OStUr&iim'^y K*fl5fiRl/. C©^»)«IL©^ 
«C. i;-K^*f<!:®*&@K<!:©«^a<)«i^44>^»fr 

[0 0 1 2] K*S3g-r-SIS©^«3BlbXg* 

■ct*> bvA^UT-MR^^ m© y - K«#P54)S 

A,tcMm<.cj::*)m^■ti>mE^.um^ifi^\tmctmm■ic 

J: o r b> K:^f|6l*i^{b-r J: 5 )i^lf8^©^€r*^S 
[0 0 13] 

( m^oimmoum ] njs^sstc j: •? *^eg©iji?a4?f 
^Strtc. *swccRiii-r5xb>Ajp7TviR^^«:ot,> 
r-e©s*i8igscKS*«if?*si^-}- 

[ 0 0 1 4 ] 0 1 Xb>^>Vl'7T4R^^^K:{i^6n 



5 

I? . CCD^?aft»eil lORZflZ »#et4^g 1 1 

mammm 1 2±^{tRmm^mmm 1 3 7&s«a§nr 

[0 0 15] 021*. ccDi:^;^d:>it•>/^';^r/Sg^<D 
1^0 (A) k:^n^J:^K:. 5^EnA<D^rfijtc>r^-/rxsn 

HS^CCC. iE. IE. ft<b^c-2>. cntc^furi^S 
(B) ^7i^rj:^(c. ?ffi^f4»l!igl 2cr>t'>K:m&I?^ 

[ 0 0 1 6 ] a 3 (i. 2(s:^HJcD-^Jg^i LT^; f> 

T. SO^fia^-^t; K;;^7-f 3 Ui^CDABSSo. 
3 2(i;:<tr>.^<;U:/MR*^. 3 3«MR^^3 2<DT 
emMiy-JV K®. 3 4 {iMR^^-S 2 <D±gI5fia^^'" 

y^T^-f ^mT-m<0 1 *fcr>^^mffi. 3 8 «MRS^3 
2m(D 1 *fcDig^mffi. 3 9 CiMR*^3 2 <DM^S:i:f 
1 *f ©^g^mg 3 8 3 tiT I ^ S 1 jSPtCD y - F^(* 

Rm^s 2ffic[> u - K^tt3 9 rstcMys\^mms 

too 1 7] Va^ h4^-i$^-r2t--F4 0 aSiy^4 0 b 
*'6a^^fl:j5te^^@8S4 0«. ^t•>/^V^^MR^ 

K4 0<D^ilSbf^^(3:, 0 n Jjyrox^ol/^ 

ffi. W$L/<tt$^o. 6 8n J k:i9:«snri>^« 

i:^lf>>'t;u:/MR^^(Db-> K:&ra)JSe;&5SacS;^^K: 
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[0019] ;^e>>'';;i/r04R^^(Dlg!g:cr>-t^ 

:^^fj>fbm^9}'0. ESD (P^SScm) ^'^^U-^tc 
^ U - i5r > jl/^rK D il- 1> r SC» - H ^ CC 

MRmiRu.<0^m (Q) . «JW{it:->K:^SIgR 
afESD««(D^D5Hl»a^V,ppy (V) i:mt>UX 

[0 0 2 0] /o-H5^;^^;CPeji. — soii-spisw^En 
»nsn. xt:>/^•;^:/MR^^•^Dr^^>x h:^rpjK:+ 

20 4mA<D42>>^mi)&diE|WjnSn/Co tfc. ESDi^S^ 
fgfHHuman Body Model (R 
5i«« = 0. 5KQ, C=100pF) 'C^bl9. ;^t•>>'^* 

/Co ^iScDiiEErain:S'Sibi:(i. *rv;^ppy=iov 

iSe^oiAcCt.^©^^. En»n^iEv.pp,^2v>^5"r:r >r 
xmm:ki^x}z'> K:&ioi:5rsjse-rsmffv„pr^*d?> 
fco j&*5. Ti^x h:S'rfij<t5i. ;^fc:>^^*J^:/MR^^^<D 

[OO2 1]04CC«, $6(C. ;^t^>.^^*;l/r^R^^ 
Safii;^CDMR^-7-C>@^CD1f>^;l'CCOt^T. Mffi^ 

[ 0 0 2 2 ] * /c. 1 -otZ^f^Btj^cy^ t*>/>Vl/S^MR^ 
40 ^ (R«„(Dt7«3ffl=5 1. 9Q)tCOl^T. t;> Fi^TI^ 

C <D b* > / ^• ; b :/M R 4 p - H -f^ a? ;Cp D il^ 

U-i?*>e>Xb'>yN0l/:/MR^^-CCT^^-/>J5< F:^foI{c 
miE*EPfln-r^o <3)En»Iia. ESDS>'A^U--t$r?&^i&X 
b>y^;U:/MRS^^BXO il-LT p - Ht^;:^ tfCCSC/HK 

50 ^*51'a5*i6EPflnUrSEEPJtIDa©;^b*>/>VV:/MR^ 



)l=¥E (n J) . ^W^J:^e>^^V^:/MR^T<D^i:^^ 
EVouT (mV) RO^MRffitaR.R (Q) €:^*:>LTU 

[0 02 3] p-H^:^^f>>^\t. —^C09\-^m^B\}^ 
E (n J ) =1 SrtAK^ • Rmr • 
CCT, I Spe,K = Vappy/R. t = R-C. R = R 

SIMV +R|iR*C^&o 

[0 02 4] H5:^6eS6:«POJ;^K:, ;^fc' >>r>Vl/rrM 
R^^F^«;^J0. 6 8 n J(Dx^;l/+*3&iEnJ!jp3n'5<!:^<D 
K:^fnIcr)S^^f&$ 0 . 1 . 0 n J <D:c:^)l^m 

On J«TC0x;^jU^ffl, W^L<»$^0. 68nJ^C 
F(DHDD^CDr'fe>:/i;>^Xg4iX^3:-e<D?58 

^^y\^(DUDDx<omM^(tc^i^x. \'<D^^1f' 
v'<>'l'::^R^T-;&ia;^fi^T^gaor)x^;l/=^^T^t3a&ff 

[0 02 5] c<D^^rj:m^^mSrr^^^B ^ h^-^ 
K4 0aX(i4 0 b <DM.WmtJ:^mt/im e (^yf: 
StlTi^^^o h^^ i'lpii^Fil. 5 Mm, MRJ:^a-^^^ 
, 5 MmCDXb-W>Vl':/MRS-? (MRfifSR 

©•fe >:^mmtm4 m ax$> ^ ^<Dm,cm^<DwumE. 

[0026] *^?^SIcD^M^«i LT. ft6<D 1 o(D 
f^W^c;^fc:>/>VU:/MR^^ (R«a<Dfi!JSIHii= 2 8. 

*ds btcimx-'&(Dimmn^9^m'^htmbxtnm 
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*ftn3n, :^b>/'?;i/:/MR^T-<Dry'r>x ^^fr^^c^- 
4mAcD-^2>;^^;05E^fl^?n/c. S^t. ESDS^^^ 

S{KHuman Body Model (R 
5i«« = 0, 5KQ. C=100pF)^*0, Xb*>/^' 
;t'>^MR^-7^Ty-<>;< h7?In]CcmffV>,ppv*EP»nO 

/Co *iS(DmiEgifln:^;ffi<?:Lt:(i. Ensu^Ev^ppy?: i 
(om:hnsyo^. ^^mc. HUdnx^^u^^^E (nj) 

• r/2 (1) 

to^(Oy;b->>'N*jbr^MRST^«Ftt^a»j^*rSo jy^. 

Xt:>^^jV:fMRmf^mmStl^mKV^,^,im^(fC 

mi \t^<Dm^imt>ox^K> . mmttmmsv ^p^r 
%»sur^^^>/cE^j^^x;^;^+•E (n j) . fitatixb* 
>/^*;^:/MR^^(Da;^mffiVo„T (mV) ^&a*>or 

20 [0027] p -Hr-X^d^e^^, — SOJI^SRSWA^ai 

jUn^ti. xtf>/^*;^:^MR*^<Dr<5rV>>^ h:3?r^k:+ 

4mA<D'fe>;^^;&5En»nSn/Co */c. ESD^'S^ 
IgiHHuman Body Model <R 
5i«« = 0, 5KQ. C= 1 00 p F> r^t). Xb^^'N* 
;l':/MR^^COT^>r>j:^ h:&l«JK:^IEV*ppy ^BlflnU 
/Co ^KCD^ErttJUTS-^i!: br«. BmmBEv^ppr^i 
VXt^ -:^ :7''CJ[g>XliA-r^:^'CXb'>/^;b:/MR^^ 
cDtli;^BEVo„T %*«&/Co EPftax^^l/^^'E <nJ) 

fjacD < 1 ) s:*>6*«i)rc>-Sc 

30 [0 02 8 ] H7;&:>6eB6)5PO<J:^tC, Xb•>^^V^>^M 
R^T-&Cj^2. 5 5 n JcDx^jl/=^^;&5En3Ein^n'5>i-ecD 
tf> K7^r$IOSK^f&* *) . iKj3 . 0 n J (iEfi|tc« 
2 . 9 8 n J ) <Dx*;l/+-e-Cb-> ¥:^(D^imt> 

@iSc?>^aSM^^*. $53. On JJWT<Dx*;m^ffi, 
fiT$b<«*^)2. 5 5nJ^S:^'reo ^OJg*. m 
SK«S0K*0^ly/cgoe8^-vry K<D»(JiX5gctJ. 
KJ&0/!ifi5^^5' f(DHDD^<or^>:fV>ifxm^ 

ccfc. :^l^>>'^v^r^MR^T^b•>K:;^^«ICD^^t*^i^l 

X b'>v^*;^:/MR^^■;Crsil1ffl:fi^fl|•r-5^iac^)x4^J^=rr 
(aaif^oftt^O'C. MR^^ffloy- F^ftffltcstcg 

mbfcimx$>-oxi>±<mm^^\ 
[0 02 9 1 a8«. MRmiji<DV}Mmfym^^m^(D 

Xb->/^Jl/:/MR|gT-tC-:>Cir. t:> K:&rpI?&WK'r-2> 
50 it. :^b>/^Vl.::rMR^iF(D«aRCJf^(DMRgfnO*7] 



[0 03 0] >/^'Jl/:/MRS^b'> K:^f^i5lte 
MR^^C7)ESDfflf«7^SCSx^;l/+'J:K)/h$^C 

^-<#r*5a an*. ii;S:cDMR*^Sa^::^f>/'<;l' 
R^^O E S D 2> X ^ ;^ =t^-S i b- 
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^{t. Xb*>>r^';^>0^R^T•C0JISgtCa'J^L/cb•-^5'^^ 
iBI SpeAKS«:;^^<D¥ffitHr^fflC>T (1) ^^^^it 

/R. r= (Rsi«u + R«R> * C7&^6itSt^J:-:,r*i6 
SMffltctt^&fjific^ffliJSoTi^^o CCD 
^*^6fe?353^^30^5^. ;^b:>>'t^i/:/MR^^-(Db> 

5£3^(DE S D5ffii^;5±jg^^ J: ->TJ^ b>/^>rV>rMR^ 
[0 03 1 ] 

[«i] 

















MR££r£R» CO) 


45 


45 


44 


«Jlin«ffiV*PPT (V) 


40 


33 


18 


^-^'^SSI Spb« (mA) 


SS.SC?3,4) 


70 (BO. 6) 


37(33.1) 


aiJni^^^E (nJ) 


7. 1 (6. 6) 


4.7(4. 5). 


1.12 (1.31) 



[0032] ^jetej^^cosasa'^ v Ktcfcwsis-fbste 
(--o:^) ^mmv {:^7'v:fs9 1) . mm 

^StlfcPSXHNSCOS i . Ge. GaAsXWIn 

DLC (5i'-<T*> K^-f d?*— M©*!aSXg. 
L'-^'l^fiSxe^iHSSL/fca. ^t-*>6a68«-^t' F 
5^«c»l8-r€. b--;^'s^BfXg?:fToTSfi8«'^ 
5- F«rJK(S^S (^7" 9 3 ) , 
(0033] *lligJgSI©^M^S|{C*Jts-cW. i/a 

F4 0 aSC;s4 0 b». x>'N:/nH2>^ 

F*S;^ fc^>^^;^>^MR^^^ffl® y - mmstx:mm-r so 



:/n-feX(tiK:te(,:.r!|#KC©IS<tiSte«glsIK4 0©fl5 
fi2Xg*i^*tiSaJ^4S^-r7U-g^f-F-C*^. 
i-'^:?•a■fe;^«:teur. i^fti©7Era«:<fcf3SSSt©>^f> 
>'^;l'::/MR^-7-S.!yf-<>4/'i;T- ^ 

3nSi;-F^ft:ZtCF«8-f^ (>f>^> ^J^JSSh 
{7,7-'j^S 10 1), C©■>3:^^:/P■fe>;*s^^TL/fc 
'>x>'^±©#^^8E^'^^; F. x./^^mSi.^v Fj&i— 
5tlCcafeAJ:5{c«U»rLr^fc-'^-±©SiSBa-^f F. X 

:/MR^^ffl©l*f©y- F«(*lffl«:f=^;^i'>j-F© 

^■r€. (;^7-^»7's 10 2). mm.^^ fkhdd*^ 

^-^9 F*i6-€-©HDDST©(,>-m*>©fiia©y- f 

ja^-^v F©SjSxg. ffl3a:g©^t^B#,.±[ 
-rr^ntf^itJi", K-> F::&iMi©SEK±€:SS»iM*s 
S<ft*©t^*Oc». 

[00341 Jite. felii^'^fcSIJfeJi^SSaCJf^©^)!^ 

>f3^-F*ffll>•ri,»S*^. i|i>j3. On J WT©x*^l/=¥; 
fil. mtl><ktmo. 68nJX»*«J2. 5 5nJr^ 



C7) 

U 

( 0 0 3 5 ] la 1 1 ^m^<oi&<Dmmmmit ur >^ 

1"»rtiH-e*S, |gS(C*jt,>-C, 1 1 0W6fl[M-^-v K;^ 
11 Itt-g-CDABSM. 1 1 2«>^t>>'<jUr^ 
MR^^. 1 1 3(tMRS^-l 1 2©TgBS8^i^-Jl/K 
M. 1 1 4«MRSTI 1 2C!)±«Pfi85vS^-^l/KM4«f 
ffl-rSY :;'^^^©mi©»mS3rJi> 1 10 

ie«-/>^i/7^-<:?'^^^(D3-<JK ii7«-r>^^i' 

T -f ^^^-fflO 1 J*cr)»7-@ffi. 1 1 8 «MRSg^^ 1 1 

2m<DiMoym^mm. 1 1 anuRm^i i 2<dwss 

tt. t?JtIg©iStf(C*JCir. MRJ^^l 12«<Dl*f 

© - 1 1 9 fflK^fSH^ 1 2 0 iji'mmiK.^m 

[0 03 6] 01 2 W. SttM-^s- F©i?jS:7'Pi2:^4»K: 

J^fiSL/fc^. S;^fc^>A-»l':?TvIR^T-Si:/-f>^*'7^^ 
*J^tS^**s. c:oiS«:4Bt>-c|5lBtK:. ;^t>vsji/:/ 30 
fiW* C^^yt/S 12 1). 

(0 03 7] 01 3© (A) «:4}t,»t:. 13 0W>x^\ 
, 1 3 2«;^e>/>-;l'r''MRSg^SC/'f>yi' 
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